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Description 

Technical Field 

[0001 ] The present invention relates to a manufactur- 
ing method of a matrix type display device, and partic- 
ularly to the manufacturing of a matrix type display de- 
vice having a structure in which luminescent material is 
selectively arranged at predetermined positions on a 
display substrate, the material being liquid at least dur- 
ing coating, wherein the material can accurately be ar- 
ranged at the predetermined positions. 

Background Art 

[0002] Matrix type display devices such as an LCD 
(Liquid Crystal Display), an EL (Electroluminescence) 
display device, and the like are frequently used as var- 
ious display devices that are light weight, thin, and have 
high image quality and high definition. A matrix type dis- 
play device comprises matrix-formed bus lines, an op- 
tical material (luminescent material or light modulation 
material), and if required, other components. 
[0003] In a monochromatic matrix type display device, 
wiring and electrodes must be arranged in a matrix on 
the display substrate, but the optical material can be uni- 
formly coated over the entire surface of the display sub- 
strate. 

[0004] In contrast, for example, when a so-called ma- 
trix type color display device is realized by using an EL 
display device of the type that emits light by itself, it is 
necessary to arrange three pixel electrodes correspond- 
ing to the primary colors RGB of light for each pixel, and 
coat the optical material corresponding to any one of the 
primary colors RGB for each pixel electrode. Namely, 
the optical material must be selectively arranged at the 
predetermined positions. 

[0005] There is thus demand for developing a method 
of patterning the optical material. Suitable examples of 
effective patterning methods include etching and coat- 
ing. 

[0006] The etching process is carried out as follows. 
[0007] First, a layer of an optical material is formed 
over the entire surface of the display substrate. Then a 
resist layer is formed on the optical material layer, ex- 
posed to light through a mask and then patterned. Then 
the optical material layer is patterned by etching in cor- 
respondence with the resist pattern. 
[0008] However, in this case, a large number of steps 
are required, and each of the materials and apparatus 
used is expensive, thereby increasing the cost. Also a 
large number of steps are required, and each of the 
steps is complicated, thereby deteriorating throughput. 
Further, depending upon chemical properties, some op- 
tical materials have low resistance to resist and an etch- 
ant, and thus these steps are impossible. 
[0009] On the other hand, the coating process is car- 
ried out as follows. 



[0010] First, an optical material is dissolved in a sol- 
vent to form a solution, and the thus-formed solution of 
the optical material is selectively coated at the predeter- 
mined positions on the display substrate by an ink jet 

s method or the like. Then, if required, the optical material 
is solidified by heating, irradiation of light, or the like. In 
this case, a small number of steps are required, and 
each of the materials and apparatus used is inexpen- 
sive, thereby decreasing the cost. Also, a small number 

10 of steps are required, and each of the steps is simple, 
thereby improving throughput. Further, these steps are 
possible regardless of the chemical properties of the op- 
tical material used as long as a solution of the optical 
material can be formed. 

* 

is [001 1 ] The coating patterning method is thought to be 
easily carried out. However, as a result of experiment, 
the inventors found that in coating the optical material 
by the ink jet method, the optical material must be diluted 
at least several tens of times with a solvent, and thus 

20 the solution obtained has high fluidity, thereby causing 
difficulties in holding the solution at the coating positions 
until it is completely solidified after coating. 
[0012] In other words, patterning precision deterio- 
rates due to the fluidity of the solution of the optical ma- 

25 terial. For example, the optical material coated in a pixel 
flows to the adjacent pixels to deteriorate the optical 
properties of the pixels. Also variations occur in the coat- 
ing areas in the respective pixels, thereby causing var- 
iations in the coating thickness and thus the optical prop- 

30 erties of the optical material. 

[0013] Although this problem significantly occurs with 
an optical material for EL display devices or the like, 
which is liquid during coating and then solidified, the 
problem also occurs in cases in which a liquid crystal 

35 that is liquid both during and after coating is selectively 
coated on the display substrate. 
[0014] The present invention has been achieved in 
consideration of the unsolved problem of the prior art, 
and an object of the invention is to provide a matrix type 

40 display a manufacturing method in which electrolumu- 
nescent material can securely be arranged at predeter- 
mined positions while maintaining characteristics such 
as low cost, high throughput, a high degree of freedom 
of the material, etc. 

45 [0015] JP 06281 91 7A, JP 07132288A, JP 
03192334A, US 5399390 and US 5274481 all disclose 
the use of liquid crystal material dispersed with polymer 
material of different colours to form a display device. Dif- 
ferent colour polymer dispersed liquid crystal materials 

50 are partitioned from one another and disposed between 
two substrates. 

[001 6] JP 630831 2A discloses the formation of colour 
filters, having a uniform film surface, for use in a display 
device. 

55 [0017] DE 19603451 A discloses a method of forming 
an electroluminescent display device, in which strips of 
electroluminescent material are formed. 
[0018] According to the present invention, there is 
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provided a method of manufacturing a matrix type dis- 
play device including a first electrode supported by a dis- 
play substrate, a second electrode arranged over the 
first electrode, an electroluminescent light emitting ele- 
ment held between the first electrode and the second s 
electrode, a scanning line, a signal line, and a switching 
element for controlling the states of the first electrode, 
the method comprising the steps of: 

forming a difference in height at a peripheral region io 
around the first electrode so as to make the height 
of the peripheral region around the first electrode 
higher than that of the first electrode with respect to 
the display substrate; and 

applying a liquid solution, comprising an optical ma- is 
terial held in a solvent, to a predetermined position 
corresponding to the first electrode; and 
evaporating the solvent so as to form the electrolu- 
minescent light emitting element. 

20 

Brief Description of the Drawings 
[0019] 

Fig. 1 is a diagram of a circuit showing a portion of 25 
a display device in accordance with a first embodi- 
ment of the present invention. 
Fig. 2 is an enlarged plan view showing the plane 
structure of a pixel region. 

Figs. 3 to 5 are sectional views showing the flow of 30 
a manufacturing process in accordance with the 
first embodiment. 

Fig. 6 is a sectional view showing a modified em- 
bodiment of the first embodiment. 
Fig. 7 is a plan view and sectional view showing a 35 
second embodiment. 

Fig. 8 is a sectional view showing a portion of a man- 
ufacturing process in accordance with a third em- 
bodiment, not forming part of the present invention. 
Fig. 9 is a sectional view showing a portion of a man- 40 
ufacturing process in accordance with a fourth em- 
bodiment. 

Fig. 10 is a sectional view showing a portion of a 
manufacturing process in accordance with a fifth 
embodiment. 45 

Best Mode for Carrying Out the Invention 

[0020] Preferred embodiments of the present inven- 
tion will be described below on the basis of the drawings . so 

(1) First embodiment 

[0021 ] Figs. 1 to 5 are drawings illustrating a first em- 
bodiment of the present invention. In this embodiment, 55 
a matrix type display device and a manufacturing meth- 
od thereof of the present invention are applied to an ac- 
tive matrix type EL display device. Specifically, these 



drawings show an embodiment in which a luminescent 
material as an optical material is coated, and scanning 
lines, signal lines and common current supply lines 
serve as wiring. 

[0022] Fig. 1 is a drawing of a circuit showing a portion 
of a display device 1 in this embodiment. The display 
device 1 comprises wiring including a plurality of scan- 
ning lines 131 , a plurality of signal lines 132 extending 
in the direction crossing the scanning lines 131, and a 
plurality of common current supply lines 133 extending 
parallel to the signal lines 132; and a pixel region 1A 
provided for each of the intersections of the scanning 
lines 131 and the signal lines 132. 
[0023] For the signal lines 1 32, a data side driving cir- 
cuit 3 comprising a shift register, a level shifter, a video 
line, and an analog switch is provided. For the scanning 
lines 131 , a scanning side driving circuit 4 comprising a 
shift register and a level shifter is provided. Provided in 
each pixel region 1 A are: a switching thin film transistor 
1 42 in which a scanning signal is supplied to a gate elec- 
trode through a scanning line 131 , a storage capacitor 
cap for holding an image signal supplied from a signal 
line 132 through the switching thin film transistor 142, a 
current thin film transistor 143 in which the image signal 
held by the storage capacitor cap is supplied to a gate 
electrode, a pixel electrode 141 to which a driving cur- 
rent flows from a common current supply line 1 33 at the 
time of electrical connection to the common current sup- 
ply line 1 33 through the current thin film transistor 1 43, 
and a light emitting element 140 held between the pixel 
electrode 141 and a reflection electrode 154. 
[0024] In this configuration, when the switching thin 
film transistor 142 is turned on by driving the scanning 
lines 1 31 , the potential of the signal lines 1 32 is held by 
the storage capacitor ca£, and the on-off state of the 
current thin film transistor 143 is determined in accord- 
ance with the state of the storage capacitor cap . Then 
a current flows to the pixel electrode 141 from the com- 
mon current supply lines 133 through the channel of the 
current thin film transistor 143. and a current flows to 
the reflection electrode 154 through the light emitting el- 
ement 140, whereby the light emitting element 140 
emits light in accordance with the amount of the current 
flowing therethrough. 

[0025] Each of the pixel regions 1 A has a planar struc- 
ture in which the pixel electrode 141 having a rectangu- 
lar planar shape is arranged so that the four sides there- 
of are surrounded by a signal line 132, a common cur- 
rent supply line 133, a scanning line 131 and a scanning 
line for another pixel electrode, as shown in Fig. 2 which 
is an enlarged plan view with the reflection electrode and 
the light emitting element removed. 
[0026] Figs. 3 to 5 are sectional views successively 
showing the steps for manufacturing the pixel region 1 A, 
and correspond to a section taken along line A-A in Fig. 
2. The process for manufacturing the pixel region 1 A is 
described with reference to Figs. 3 to 5. 
[0027] First, as shown in Fig. 3(a), on a transparent 
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display substrate .121 is formed a base protective film 
(not shown) comprising a silicon oxide film having a 
thickness of about 2000 to 5000 angstroms by a plasma 
CVD method using TEOS (tetraethoxysilane) and oxy- 
gen gas as raw material gases according to demand. 5 
Next, the temperature of the display substrate 1 21 is set 
to about 350°C, and on the surface of the base protec- 
tive film is formed a semiconductor film 200 comprising 
an amorphous silicon film having a thickness of about 
300 to 700 angstroms (1 urn = 1 0 4 A) by the plasma CVD to 
method. The semiconductor film 200 comprising an 
amorphous silicon film is then subjected to the crystal- 
lization step by laser annealing or solid phase growth to 
crystallize the semiconductor film 200 to a polysilicon 
film. In laser annealing, for example, an excimer laser 1$ 
line beam having a long dimension of 400 mm and an 
output strength of, for example, 200 mJ/cm 2 is used. 
The line beam is scanned so that a portion thereof cor- 
responding to 90% of the laser strength peak in the di- 
rection of the short dimension is applied to each of the 20 
regions. 

[0028] Next, as shown in Fig. 3(b), the semiconductor 
film 200 is patterned to form an island-like semiconduc- 
tor film 210, and on the surface of the semiconductor 
film 21 0 is formed a gate insulating film 220, comprising 25 
a silicon oxide film or nitride film having a thickness of 
about 600 to 1 500 angstroms, by the plasma CVD meth- 
od using TEOS (tetraethoxysilane) and oxygen gas as 
raw material gases. Although the semi-conductor film 
21 0 is used for the channel region and source/drain re- 30 
gions of the current thin film transistor 1 43, another sem- 
iconductor film is also formed for forming the channel 
region and source/drain regions of the switching thin film 
transistor 142 in another sectional view. Namely, in the 
manufacturing process shown in Figs. 3 to 5, two types • 35 
of transistors 142 and 143 are simultaneously formed, 
but both transistors are formed according to the same 
procedure. Therefore, with respect to the transistors, 
only the current thin film transistor 143 is described be- 
low, and description of the switching thin film transistor *o 
142 is omitted. 

[0029] Next, as shown in Fig. 3(c), a conductive film 
comprising a metallic film of aluminum, tantalum, mo- 
lybdenum, titanium, tungsten, or the like is formed by a 
sputtering method, and then patterned to form a gate 45 
electrode 143A. 

[0030] In this state, a high concentration of phospho- 
rus ions is implanted to form source and drain regions 
143a and 143b in the silicon thin film 210 in self-align- 
ment to the gate electrode 1 43. A portion into which the so 
impurity is not introduced serves as a channel region 
143c. 

[0031] Next, as shown in Fig. 3(d), an interlevel insu- 
lation film 230 is formed, contact holes 232 and 234 are 
formed, and then trunk electrodes 236 and 238 are bur- 55 
ied in the contact holes 232 and 234, respectively. 
[0032] Next, as shown in Fig. 3(e), on the interlevel 
insulation film 230 are formed a signal line 132, a com- 



mon current supply line 133 and a scanning line (not 
shown in Fig. 3). Each of the signal lines 132, the com- 
mon current supply lines 133 and the scanning lines is 
formed sufficiently thick regardless of the required thick- 
ness as wiring. Specifically, each of the lines is formed 
to a thickness of about 1 to 2 um The trunk electrode 
238 and each of the lines may be formed in the same 
step. In this case, the trunk electrode 238 is formed of 
an ITO film which will be described below. 
[0033] Then an interlevel insulation film 240 is formed 
to cover the upper surfaces of the lines, a contact hole 
242 is formed at a position corresponding to the trunk 
electrode 236, and an ITO film is formed to fill the contact 
hole 242 therewith, followed by patterning of the ITO film 
to form a pixel electrode 141 electrically connected to 
the source and drain region 143a at the predetermined 
position surrounded by the signal line 1 32, the common 
current supply line 133 and the scanning line. 
[0034] In Fig. 3(e), the portion between the signal line 
132 and the common current supply line 133 corre- 
sponds to the predetermined position where the optical 
material is arranged. A difference in height 111 is formed 
between the predetermined position and the periphery 
thereof by the signal line 132 and the common current 
supply line 133. Specifically, the difference in height 111 
is formed in a concave shape in which the predeter- 
mined position is lower than the periphery thereof. 
[0035] Next, as shown in Fig. 4 (a), a liquid (a solution 
in a solvent) optical material (precursor) 114A for form- 
ing a hole injection layer corresponding to a lower layer 
of the light emitting element 140 is discharged by an ink 
jet head method with the upper side of the display sub- 
strate 121 turned upward to selectively coat the optical 
material on the region (the predetermined position; sur- 
rounded by the difference in height 111. Since detailed 
contents of the ink jet method are not included in the gist 
of the present invention, the contents are omitted (For 
such a method, refer to Japanese Unexamined Patent 
Publication Nos. 56-1 31 84 and 2-1 67751 , for example). 
[0036] Materials for forming the hole injection layer in- 
clude polyphenylenevinylene obtained from polytet- 
rahydrothiophenylphenylene as a polymer precursor. 
1 ,1 -bis-(4-N,N-ditolylaminophenyl)cycIohexane, tris 
(8-hydroxyquinolynol) aluminum, and the like. 
[0037] Atthistime, although the liquid precursor 11 4A 
has high fluidity and tends to horizontally spread, the 
difference in height 1 1 1 is formed to surround the coating 
position, thereby preventing the liquid precursor 114A 
from spreading to the outside of the predetermined po- 
sition beyond the difference in height 111 as long as the 
amount of the liquid precursor 114A coated in a single 
application is not excessively increased. 
[0038] Next, as shown in Fig. 4(b), the solvent of the 
liquid precursor 11 4A is evaporated by heating or.light 
irradiation to form a thin, solid hole injection layer 140a 
on the pixel electrode 1 41 . Depending upon the concen- 
tration of the liquid precursor 114A, only a thin hole in- 
jection layer 1 40a is formed. Therefore, where a thicker 
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hole injection layer 140a is required, the steps shown in 
Figs. 4 (a) and (b) are repeatedly executed a necessary 
number of times to form the hole injection layer 140A 
having a sufficient thickness, as shown in Fig. 4(c). 
[0039] Next, as shown in Fig. 5(a), a liquid (a solution 5 
in a solvent) of an optical material (organic fluorescent 
material) 114B for forming an organic semiconductor 
film corresponding to an upper layer of the light emitting 
element 140 is discharged by the ink jet head method 
with the upper surface of the display substrate 121 io 
turned upward to selectively coat the optical material on 
the region (the predetermined position) surrounded by 
the difference in height 111. 

[0040] Organic fluorescent materials include cyanop- 
olyphenyienevinylene, polyphenylenevinylene. poly- is 
alkylphenylene, 2,3,6,7-tetrahydro-11-oxo-1H,5H,11H 
(1) benzopyrano[6,7,8-ij]-quinolizine-10-carboxylic ac- 
id, 1 ,1 -bis-(4-N,N-ditolylaminophenyl)cyclohexane, 
2-1 3\4'-dihydroxyphenyl)-3,5,7-trihydroxy-1 -benzo- 
pyrylium perchlorate, tris(8-hydroxyquinolynol)alumi- 20 
num, 2,3,6,7-tetrahydro-9-methyl-11-oxo-1H,5H t 11H 
(1) benzopyrano[6,7,8-ij]-quinolizine, aromatic diamine 
derivatives (TDP), oxydiazole dimers (OXD), oxydiazole 
derivatives (PBD), distyrylarylene derivatives (DSA), 
quinolynol metal complexes, beryllium-benzoquinolynol 25 
derivatives (Bebq), triphenylamine derivatives (MTDA- 
TA), distyryl derivatives, pyrazoline dimers. rubrene, 
quinacridone, triazole derivatives, polyphenylene, poly- 
alkylfiuorene, polyalkylthiophene, azomethine zinc 
complexes, porphyrin zinc complexes, benzoxazole 30 
zinc complexes, phenanthroineeuropiem complexes, 
and the like. 

[0041 ] At this time, although the liquid organic fluores- 
cent material 114B has high fluidity and tends to hori- 
zontally spread, the difference in height 1 11 is formed to 35 
surround the coating position, thereby preventing the 
liquid organic fluorescent material 11 4B from spreading 
to the outside of the predetermined position beyond the 
difference in height 111 as long as the amount of the 
liquid organic fluorescent material 114B coated in a sin- 40 
gle application is not excessively increased. 
[0042] Next, as shown in Fig. 5(b), the solvent of the 
liquid organic fluorescent material 114B is evaporated 
by heating or light irradiation to form a solid organic sem- 
iconductor thin film 140b on the hole injection layer 45 
140A. Depending upon the concentration of the liquid 
organic fluorescent material 11 4B, only a thin organic 
semiconductor film 1 40b is formed. Therefore, where a 
thicker organic semiconductor layer 14Cb is required, 
the steps shown in Figs. 5(a) and (b) are repeatedly ex- so 
ecuted a necessary number of times to form the organic 
semiconductor film 140B having a sufficient thickness, 
as shown in Fig. 5(c). 

[0043] The hole injection layer 140A and the organic 
semiconductor film 1 40B constitute the light emitting el- ss 
ement 140. Finally, as shown in Fig. 5(d), the reflection 
electrode 154 is formed over the entire surface of the 
display substrate 121 or in stripes. 



[0044] In this embodiment, lines such as the signal 
line 132, the common current supply line 133, and the 
like are formed to surround the processing position 
where the light emitting element 140 is arranged, and 
are formed to have a thickness larger than the normal 
thickness to form the difference in height 111 , and the 
liquid precursor 1 1 4A and the liquid organic fluorescent 
material 1 1 43 are selectively coated. Therefore, this em- 
bodiment has the advantage that the patterning preci- 
sion of the light emitting element 140 is high. 
[0045] Although the formation of the difference in 
height 111 causes the reflection electrode 154 to have 
a surface with relatively large unevenness, the possibil- 
ity of producing a trouble such as disconnection or the 
like is significantly decreased by increasing the thick- 
ness of the reflection electrode 154 to some extent. 
[0046] In addition, since the difference in height 111 
is formed by using the lines such as the signal line 132, 
the common current supply line 1 33, and the like, a new 
step is not added, and the manufacturing process is not 
significantly complicated. 

[0047] In order to securely prevent the liquid precur- 
sor 114A and the liquid organic fluorescent material 
114B from flowing out from the inside of the difference 
in height 111 , the following relation is preferably estab- 
lished between the coating thickness d a of the liquid pre- 
cursor 114A andttie liquid organic fluorescent material 
114B and the height d r of the difference in height 111 . 

d a <d r , (1) 

[0048] However, when the liquid organic fluorescent 
material 114B is coated, the hole injection layer 140 A 
has already been formed, and thus the height d r of the 
difference in height 111 must be considered as a value 
obtained by subtracting the thickness of the hole injec- 
tion layer 1 40A from the initial thickness. 
[0049] Also, equation (1) is satisfied, and the following 
relation is established between the driving voltage V d 
applied to the organic semiconductor film 1 40B. the total 
thickness d b of the liquid organic fluorescent material 
114B, the concentration r of the liquid organic fluores- 
cent material 114B, and the minimum electric field 
strength E t (threshold electric field strength) at which a 
change in optical properties of the organic semiconduc- 
tor film 140B occurs. 

V d /(d b . r) > E t (2) 

In this case, the relation between the coating thickness 
and the driving voltage is defined, and it is ensured that 
the organic semiconductor film 1 403 exhibits an electro- 
optical effect. 

[0050] On the other hand, in order to ensure the flat- 
ness of the difference in height 1 1 1 and the light emitting 
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element 140 and uniformity in changes in the optical 
properties of the organic semiconductor film 140B, and 
prevent short circuit, the following relation may be es- 
tablished between the thickness d, of the light emitting 
element 1 40 at the time of completion and the height d r 
of the difference in height 111: 

d f = d r (3) 

[0051] In addition, if equation (3) is satisfied, and the 
following equation (4) is satisfied, the relation between 
the thickness of the light emitting element 1 40 at the time 
of completion and the driving voltage is defined, and it 
is ensured that the organic fluorescent material exhibits 
an electro-optical effect. 

V d /d f > E, (4) 

[0052] However, in this case, the thickness d f is the 
thickness of the organic semiconductor film 140B at the 
time of completion, not the thickness of the entire light 
emitting element 140. 

[0053] The optical material which forms the upper lay- 
er of the light emitting layer 1 40 is not limited to the or- 
ganic fluorescent material 114B, and an inorganic fluo- 
rescent material may be used. 

[0054] Each of the transistors 1 42 and 1 43 as switch- 
ing elements is preferably made of polycrystalline silicon 
formed by a low temperature process at 600°C or less, 
thereby achieving low cost by* using a glass substrate, 
and high performance due to high mobility. The switch- 
ing elements may be made of amorphous silicon or poly- 
crystalline silicon formed by a high temperature process 
at 600°Cor higher. 

[0055] Besides the switching thin film transistor 1 42 
and the current thin film transistor 143, another transis- 
tor may be provided; or a system of driving by only one 
transistor may be used. 

[0056] The difference in height 111 may be formed by 
using the first bus lines in a passive matrix display de- 
vice, the scanning lines 131 in an active matrix display 
device, or the light shielding layer. 
[0057] In the light emitting element 140, the hole in- 
jection layer 1 40A may be omitted, though the efficiency 
of light emission (rate of hole injection) slightly deterio- 
rates. Alternatively, an electron injection layer is formed 
between the organic semiconductor film 140B and the 
reflection electrode 1 54 in place of the hole injection lay- 
er 140A, or both the hole injection layer and the electron 
injection layer may be formed. 

[0058] Although, in this embodiment, the entire light 
emitting element 1 40 is selectively arranged in consid- 
eration of color display, for example, in a monochrome 
display device 1 , the organic semiconductor film 140B 
may be uniformly formed over the entire surface of the 



display substrate 121, as shown in Fig. 6. However, 
even in this case, the hole injection layer 140A must be 
selectively arranged at each of the predetermined posi- 
tions in order to prevent crosswalk, and thus it is signif- 
5 icantly effective to coat the optical material by using the 
difference in height 111. 

(2) Second embodiment 

[0059] Fig. 7 is a drawing showing a second embod- 
iment of the present invention in which a matrix type dis- 
play device and a manufacturing method thereof in ac- 
cordance with the present invention are applied to a pas- 
sive matrix type display device using an EL display de- 
vice. 

[0060] Fig. 7 (a) is a plan view showing the arrange- 
ment of a plurality of first bus lines 300 and a plurality 
of second bus lines 310 arranged perpendicularly to the 
first bus lines 300, and Fig. 7(b) is a sectional view taken 
along line B-B in Fig. 7(a). The same components as 
the first embodiment are denoted by the same reference 
numerals, and description thereof is omitted. Since de- 
tails of the manufacturing process are also the same as 
the first embodiment, the process is not shown in the 
drawings nor described. 

[0061] Namely, in this embodiment, an insulation film 
320 of Si0 2 , for example, is arranged to surround the 
predetermined position where the light emitting element 
140 is disposed, to form the difference in height 111 be- 
tween the predetermined position and the periphery 
thereof. 

[0062] Like the first embodiment, this structure is ca- 
pable of preventing the liquid precursor 114A and the 
liquid organic fluorescent material 1 1 4B from flowing out 
to the periphery during selective coating, and has the 
advantage of achieving high -precis ion patterning. 

(3) Third embodiment (not forming part of the present 
invention).. 

* 

[0063] Fig. 8 is a drawing showing a third embodiment 
not forming part of the present invention in which , like 
in the first embodiment, a matrix type display device and 
a manufacturing method thereof in accordance with the 
present invention are applied to an active matrix type 
EL display device. Specifically, the difference in height 
111 is formed by using the pixel electrode 141 , thereby 
permitting high-precision patterning. The same compo- 
nents as the above embodiments are denoted by the 
same reference numerals. Fig. 8 is a sectional view 
showing an intermediate step of the manufacturing 
process, and the steps before and after this step are not 
shown nor described because they are substantially the 
same as the first embodiment. 

[0064] Namely, in this embodiment, the pixel elec- 
trode 141 is formed to have a thickness larger than a 
normal thickness to form the difference in height 1 1 1 be- 
tween the pixel electrode 1 41 and the periphery thereof. 
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In other words, in this embodiment, the difference in 
height is formed in a convex shape in which the pixel 
electrode 141 later coated with the optical material is 
higher than the periphery thereof. 
[0065] Like in the first embodiment, in order to form 
the hole injection layer corresponding to the lower layer 
of the light emitting element 140, the liquid (a solution 
in a solvent) optical material (precursor) 114A is dis- 
charged to coat the optical material on the upper surface 
of the pixel electrode 141 . 

[0066] However, unlike in the first embodiment, the 
liquid precursor 11 4A is coated on the display substrate 
while the display substrate is reversed, i.e., in the state 
where the upper surface of the pixel electrode 141 that 
is coated with the precursor 114A is turned downward. 
[0067] As a result, the liquid precursor 1 1 4A stays on 
the upper surface of the pixel electrode due to gravity 
and surface tension, and does not spread to the periph- 
ery thereof. Therefore, the liquid precursor 114Acan be 
solidified by heating or light irradiation to form the same 
thin hole injection layer as shown in Fig. 4(b), and this 
step is repeated to form the hole injection layer. The or- 
ganic semiconductor film can also be formed by the 
same method. 

[0068] In this way, in this embodiment, the liquid op- 
tical material is coated by using the difference in height 
111 formed in a convex shape, thereby improving pat- 
terning precision of the light emitting element. 
[0069] The amount of the liquid optical material stay- 
ing on the upper surface of the pixel electrode 1 41 may 
be adjusted by using inertial force such as centrifugal 
force or the like. 

(4) Fourth embodiment 

[0070] Fig. 9 is a drawing showing a fourth embodi- 
ment of the present invention in which like in the first 
embodiment, a matrix type display device and a manu- 
facturing method thereof in accordance with the present 
invention are applied to an active matrix type EL display 
device. The same components as the above embodi- 
ments are denoted by the same reference numerals. 
Fig. 9 is a sectional view showing an intermediate step 
of the manufacturing process, and the steps before and 
after this step are not shown nor described because they 
are substantially the same as the first embodiment. 
[0071 ] Namely, in this embodiment, first the reflection 
electrode 154 is formed on the display substrate 121, 
and then the insulation film 320 is formed on the reflec- 
tion electrode 154 to surround the predetermined posi- 
tion where the light emitting element 1 40 is arranged lat- 
er, and to form the difference in height 111 in a concave 
shape in which the predetermined position is lower than 
the periphery thereof. 

[0072] Like in the first embodiment, the liquid optical 
material is then selectively coated in the region sur- 
rounded by the difference in height 111 by the ink jet 
method to form the light emitting element 140. 
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[0073] On the other hand, scanning lines 131 , signal 
lines 132, pixel electrodes 141 , switching thin film tran- 
sistors 142, current thin film transistors 143 and an in- 
sulation film 240 are formed on a peeling substrate 122 
5 through a peeling layer 152. 

[0074] Finally, the structure peeled off from the peel- 
ing layer 1 22 on the peeling substrate 1 22 is transferred 
onto the display substrate 121 . 

[0075] In this embodiment, the liquid optical material 
io is coated by using the difference in height 111 , thereby 
permitting patterning with high precision. 
[0076] Further, in this embodiment, it is possible to de- 
crease damage to the base material such as the light 
emitting element 140 in subsequent steps, or damage 
is to the scanning lines 1 31 , the signal lines 1 32, the pixel 
electrodes 141, the switching thin film transistors 142, 
the current thin film transistors 1 43 or the insulation film 
240, due to coating of the optical material. 
[0077] Although, in this embodiment, an active matrix 
20 type display device is described, a passive matrix type 
display device may be used. 

(5) Fifth embodiment 

25 [0078] Fig. 10 is a drawing showing a fifth embodi- 
ment of the present invention in which like in the first 
embodiment, a matrix type display device and a manu- 
facturing method thereof in accordance with the present 
invention are applied to an active matrix type EL display 

30 device. The same components as the above embodi- 
ments are denoted by the same reference numerals. 
Fig. 1 0 is a sectional view showing an intermediate step 
of the manufacturing process, and the steps before and 
after this step are not shown nor described because they 

35 are substantially the same as the first embodiment. 
[0079] Namely, in this embodiment, the difference in 
height 111 is formed in a concave shape by using the 
interlevel insulation film 240 to obtain the same opera- 
tion and effect as the first embodiment. 

40 [0080] Also, since the difference in height 111 is 
formed by using the interlevel insulation film 240, a new 
step is not added, and thus the manufacturing process 
is not significantly complicated. 

[0081] The difference in height 111 may be formed by 
45 forming a material on the peeling substrate through the 
peeling layer and then transferring the structure peeled 
off from the peeling layer on the peeling substrate onto 
the display substrate. 

[0082] Although, in each of the above embodiments, 
50 an organic or inorganic EL material is used as the optical 
material, the optical material is not limited to these ma- 
terials, and may be a liquid crystal. 

Industrial Applicability 

55 

[0083] As described above, in the present invention, 
since a liquid optical material is coated by using a dif- 
ference in height, there is the effect of improving the pat- 



13 



EP 0 862 156 B1 



14 



terning precision of the optical material. 
Claims 

5 

1 . A method of man ufacturing a matrix type display de- 
vice (1) including a first electrode (141) supported 
by a display substrate (121), a second electrode 
(154) arranged over the first electrode, an electro- 
luminescent light emitting element (140) held be- 10 
tween the first electrode and the second electrode, 

a scanning line, a signal line, and a switching ele- 
ment for controlling the states of the first electrode, 
the method comprising the steps of: 

15 

forming a difference in height (111) at a periph- 
eral region (1 31 , 1 32) around the first electrode 
so as to make the height of the peripheral re- 
gion around the first electrode higher than that 
of the first electrode with respect to the display 20 
substrate; and 

applying a liquid solution, comprising an optical 
material (11 4A, 1 1 4B) held in a solvent, to a pre- 
determined position corresponding to the first 
electrode; and 25 
evaporating the solvent so as to form the elec- 
troluminescent light emitting element. 

2. A method according to claim 1 , further comprising: 

^ 30 

forming wiring including the scanning line, the 
signal line and the switching element for con- 
trolling the states of the first electrode in ac- 
cordance with asignal supplied through the wir- 
ing above a peeling substrate through a peeling 35 
layer; and 

transferring a structure including the wiring and 
the switching element from the peeling sub- 
strate onto the display substrate. 

40 

3. A method according to claim 1 , wherein the differ- 
ence in height is formed in a concave shape by us- 
ing the scanning line and the signal line, in which 
the predetermined position is lower than the periph- 
ery thereof; and 



4. A method according to claim 1 or claim 3, further 
comprising the step of forming an interlevel insula- 
tion film; 55 

wherein the difference in height is formed in a 
concave shape by using the interlevel insulation film 
(240) above the scanning line, in which the prede- 



termined position is lower than the periphery there- 
of; and 

in the step of applying the liquid optical mate- 
rial, the liquid optical material is applied to the pre- 
determined position with the surface of the display 
substrate that has the liquid optical material applied 
thereto being turned upward. 

5. A method according to claim 1 , wherein the differ- 
ence in height is formed on a peeling substrate 
through a peeling layer in the step of forming the 
difference in height, and then the structure peeled 
off from the peeling layer on the peeling substrate 
is transferred onto the display substrate. 

6. A method according to any one of the preceding 
claims, wherein the height dr of the difference in 
height satisfies the following equation (1) : 

da<dr (1) 

wherein: 

da: thickness of a single application of the liquid 
optical material. 

7. A method according to claim 6, wherein the follow- 
ing equation (2) is satisfied: 

Vd/(db • r) > Et (2) 

wherein: 

Vd: driving voltage applied to the optical mate- 
rial: 

db: total thickness of the liquid optical material 
applied; . 

r: concentration of the liquid optical material; 
Et: minimum electric field strength (threshold 
electric field strength) at which a change in op- 
tical properties of the liquid optical material oc- 
curs. 

8. A method according to any one of claims 1 to 5, 
wherein the following equation (3) is satisfied: 

df = dr (3) 

wherein: 

df: thickness of the optical material at the time 
of completion; 

9. A method according to claim 8, wherein the follow- 
ing equation (4) is satisfied: 



in the step of applying the liquid optical materi- 
al, the liquid optical material is applied to the 
predetermined position with the surface of the 
display substrate that has the liquid optical ma- so 
terial applied thereto being turned upward. 
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Vd/df > Et (4) 

wherein: 

5 

Vd: driving voltage applied to the optical mate- 
rial; 

Et: minimum electric field strength (threshold 
electric field strength) at which a change in op- 
tical properties of the liquid optical material oc- 10 
curs. . 

10. A method according to any one of the preceding 
claims, wherein the optical material is an organic or 
inorganic fluorescent material, 1$ 

11. A method according to any one of the preceding 
claims, wherein the switching elements comprise 
amorphous silicon, polycrystalline silicon formed by 

a high-temperature process at 600°C or higher, or 20 
polycrystalline silicon formed by a low-temperature 
process at 600°C or lower. 

12. A method according to any one of the preceding 
claims wherein the liquid optical material is applied 25 
by an ink jet method. 



Patentanspruche 

30 

1. Verfahren zur Herstellung einer Matrixanzeigevor- 
richtung (1 ) mit einer ersten Elektrode (141), die von 
einem Anzeigesubstrat (121) gehalten wird, einer 
zweiten Elektrode (154), die uber der ersten Elek- 
trode angeordnet ist, einem elektrolumineszenten, 35 
lichtemittierenden Element (140), das zwischen der 
ersten Elektrode und der zweiten Elektrode gehal- 
ten wird, einer Abtastleitung, einer Signalleitung 
und einem Schaltelement zum Steuern der Zustan- 
de der ersten Elektrode, wobei das Verfahren fol- 40 
gende Schritte umfasst: 

Bilden einer Hdhendifferenz (11 1 ) an einem pe- 
ripheren Bereich (131, 132) um die erste Elek- 
trode, so dass die Hone des peripheren Be- 45 
reichs um die erste Elektrode hoherals jene der 
ersten Elektrode in Bezug auf das Anzeigesub- 
strat wird; und 

Aufbringen einer flussigen Losung, die ein op- so 
tisches Material (114A, 114B) in einem Lose- 
mittel umfasst, auf eine vorbestimmte Position, 
die der ersten Elektrode entspricht; und 

Verdampfen des Losernittels zur Bildung des 55 
elektrolumineszenten, lichtemittierenden Ele- 
ments. 



2. Verfahren nach Anspruch 1 . des Weiteren umfas- 
send: 

Bilden einer Verdrahtung einschlieBlich der Ab- 
tastleitung, der Signalleitung und des Schal- 
telements zum Steuern der Zustande der er- 
sten Elektrode entsprechend einem Signal, das 
durch die Verdrahtung zugeleitet wird, uber ei- 
nem Ablosesubstrat durch eine Abloseschicht; 
und 

Ubertragen einer Struktur, die die Verdrahtung 
und das Schaltelement enthalt, von dem Ablo- 
sesubstrat auf das Anzeigesubstrat. 

3. Verfahren nach Anspruch 1 , wobei die Hohendiffe- 
renz in einer konkaven Form unter Verwendung der 
Abtastleitung und der Signalleitung gebildet wird, 
wobei die vorbestimmte Position tiefer als deren 
Peripherie liegt; und 

in dem Schritt zum Aufbringen des flussigen opti- 
schen Materials das optische Material auf der vor 1 
bestimmten Position aufgebracht wird, wobei die 
Oberflache des Anzeigesubstrats. auf die das flus- 
sige optische Material aufgebracht wird, nach oben 
gedreht ist. 

4. Verfahren nach Anspruch 1 oder Anspruch 3, des 
Weiteren umfassend den Schritt zum Bilden eines 
Zwischenlagen-lsolierfilms; 

wobei die Hohendifferenz in einer konkaven Form 
unter Verwendung des Zwischenlagen-lsolierfilms 
(240) uber der Abtastleitung gebildet wird, wobei 
die vorbestimmte Position tiefer als deren Periphe- 
rie liegt; und 

in dem Schritt zum Aufbringen des flussigen opti- 
schen Materials das optische Material auf der vor- 
bestimmten Position aufgebracht wird, wobei die 
Oberflache des Anzeigesubstrats, auf die das flus- 
sige optische Material aufgebracht wird, nach oben 
gedreht ist. 

5. Verfahren nach Anspruch 1 , wobei die Hohendiffe- 
renz auf einem Ablosesubstrat durch eine Ablose- 
schicht in dem Schritt zur Bildung der Hohendiffe- 
renz gebildet wird, und dann die Struktur die von 
der Abloseschicht auf dem Ablosesubstrat abgelost 
wird, auf das Anzeigesubstrat ubertragen wird. 

6. Verfahren nach einem der vorangehenden Anspru- 
che, wobei die Hohe dr der Hohendifferenz die fol- 
gende Gleichung (1) erfullt: 

da<dr (1) 

wobei: 

da: Dicke einer einzelnen Aufbringung des flus- 
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sigen optischen Materials. 

7. Verfahren nach Anspruch 6, wobei die folgende 
Gleichung (2) erfuilt ist: 

Vd/(db • r) > ET (2) 

wobei: 

Vd: Antriebsspannung, die an das optische Ma- 
terial angelegt wird; 

db: Gesamtdicke des aufgebrachten, flussigen, 
optischen Materials; 

r: Konzentration des flussigen optischen Ma- 
terials; 

Et: Minimale elektrische Feldstarke (elektrische 
Schwellenfeldstarke), bei der eine Anderung 
in den optischen Eigenschaften des flussi- 
gen optischen Materials eintritt. 

8. Verfahren nach einem der Anspruche 1 bis 5, wobei 
die folgende Gleichung (3) erfuilt ist: 

df = dr (3) 

wobei: 

df: Dicke des optischen Materials zum Zeit- 
punkt der Vollendung. 

9. Verfahren nach Anspruch 8, wobei die folgende 
Gleichung (4) erfuilt ist: 

Vd/df > Et (4) 

wobei: 

Vd: Antriebsspannung, die an das optische Ma- 
terial angelegt wird; 

Et: Minimale elektrische Feldstarke (elektrische 
Schwellenfeldstarke). bei der eine Anderung 
in den optischen Eigenschaften des flussi- 
gen optischen Materials eintritt. ' 

10. Verfahren nach einem der vorangehenden Ansprti- 
che, 

wobei das optische Material ein organisches oder 
anorganisches fluoreszierendes Material ist. 

1 1 . Verfahren nach einem der vorangehenden Ansprti- 
che, 

wobei die Schaltelemente Silizium, polykristaliines 
Silizium, das durch einen Hochtemperaturprozess 
bei 600 °C oder mehr gebildet wird, oder polykri- 
staliines Silizium, das durch einen Niedertempera- 
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turprozess bei 600 °C oder weniger gebildet wird, 
umfassen. 

12. Verfahren nach einem der vorangehenden Anspru- 
5 . che, 

wobei das flussige optische Material durch ein Tin- 
tenstrahlverfahren aufgebracht wird. 

10 Revendications 

1. Methode de fabrication d'un dispositif d'affichage 
matriciel (1) comprenant une premiere electrode 
(141) supported par un substrat d'affichage (121), 

is une deuxieme electrode (1 54) disposee au-dessus 
de la premiere electrode, un element d'emission de 
la lumiere electroluminescent (140) maintenu entre 
la premiere electrode et la deuxieme electrode, une 
ligne de balayage, une ligne de transfer! de si- 

20 gnaux, et un element de commutation pour com- 
mander les etats de la premiere electrode, la me- 
thode comprenant les etapes suivantes : 

formation d'une difference de hauteur (111) au 
25 niveau d'une zone peripherique (131, 132) 

autour de la premiere Electrode, de maniere a 
ce que la hauteur de la zone peripherique 
autour de la premiere electrode so it superieure 
a celle de la premiere electrode par rapport au 
30 substrat d'affichage ; et 

application d'une solution liquide comprenant 
une matiere optique (114A, 114B) contenue 
dans un solvant, en un emplacement predSfini 
35 correspondant a la premiere electrode; et 

soumission du solvant a evaporation afin de 
former Tenement d'emission de la lumiere elec- 
troluminescent. 

40 

2. Methode selon la revendication 1 , consistant par 
aiileurs a: 

former un c&blage comprenant la ligne de ba- 
45 layage, la ligne de transfert de signaux, et l*el§- 

ment de commutation afin de commander les 
etats de la premiere electrode en fonction d'un 
signal fourni via le cablage, au-dessus d'un 
substrat d'exfoliation par - 
so I'intermSdiaire d'une couche d'exfoliation ; et 

transfert d'une structure comprenant le cablage 
et I'etement de commutation depuis le substrat 
d'exfoliation jusque sur le substrat d'affichage. 

55 3. M£thode selon la revendication 1 , ou la difference 
de hauteur est rdalisee avec une forme concave en 
utilisant la ligne de balayage et la ligne de transfert 
de signaux, I'emplacement pr6defini 6tant plus bas 



10 



19 



EP0 862 156 B1 



20 



que sa peripherie; et 

au cours de I'etape d'application de la matiere opti- 
que liquide, !a matiere optique liquide etant appli- 
quee sur remplacement predefini, la surface du 
substrat d'affichage sur laquelle la matiere optique 
liquide est appliquee etant toum^e vers le haut. 

4. Methode selon la revendication 1 ou la revendica- 
tion 3, comprenant par ailleurs I'etape de formation 
d'une pellicule isolante de niveau intermedial re ; 
la difference de hauteur etant r£alisee avec une for- 
me concave en utilisant la pellicule isolante de ni- 
veau intermedtaire (240) au-dessus de la ligne de 
balayage, remplacement predefini etant plus bas 
que sa peripherie ; et 

au cours de I'etape d'application de la matiere opti- 
que liquide, la matiere optique liquide etant appli- 
quee sur remplacement predefini, la surface du 
substrat d'affichage sur laquelle la matiere optique 
liquide est appliquee etant to urn Severs le haut. 

5. Methode selon la revendication 1 , ou la difference 
de hauteur est realisee sur un substrat d'exfoliation 
par I' intermediate d'une couche d'exfoliation au 
cours de I'etape de formation de la difference en 
hauteur, et la structure qui est enlev6e par exfolia- 
tion de la couche d'exfoliation sur le substrat d'ex- 
foliation etant ensuite transferee sur le substrat d'af- 
fichage. 

6. Methode selon Tune quelconque des revendica- 
tions precedentes, ou la hauteur dr correspondant 
a la difference de hauteur, satisfait a I' equation sui- 
vante (1) : 

da<dr (1) 

ou 

da : epaisseur d'une seule application de la ma- 
tiere optique liquide. 

7. Methode selon la revendication 6, ou liquation sui- 
vante (2) est satisfaite : 



quelle un changement des proprietes opti- 
ques de la matiere optique liquide a lieu. 

8. M§thode selon Tune quelconque des revendica- 
5 tions 1 a 5, ou liquations suivante (3) est satisfaite : 

df = dr (3) 

10 ou 

df : epaisseur de la matiere optique au moment - 
de ['achievement. 

15 9. Methode selon la revendication 8, ou I'equation sui- 
vante (4) est satisfaite : 

Vd/df > Et (4) 

20 

ou 

Vd : tension d'entr6e appliquee a la matiere 
optique ; 

25 Et : intensite minimale du champ eiectrique (in- 

tensite de seuil du champ eiectrique) a la- 
quelle un changement des proprietes opti- 
ques de la matiere optique liquide a lieu. 

30 10. Methode selon I'une quelconque des revendica- 
tibns precedentes, ou la matiere optique est une 
matiere fluorescente organique ou inorganique. 

11. Methode selon Tune quelconque des revendica- 
35 tions precedentes, ou les elements de commutation 

comprennent du silicium amorphe, du silicium po- 
lycristallin forme grace a un proc6d6 a temperature 
eievee de 600 °C ou plus, ou du silicium polycris- 
tallin forme grace a un procede a basse temperatu- . 
40 re a 600 °C ou moins. 

12. Methode selon Tune quelconque des revendica- 
tions precedentes, ou la matiere optique liquide est 
appliquee grace a une methode de jet d'encre. 

45 



Vd/(db • r) > Et (2) 

ou 50 

Vd : tension d'entree appliquee a la matiere 
optique ; 

db : epaisseur totale de la matiere optique liqui- 
de appliquee ; 55 

r : concentration de la matiere optique liquide ; 

Et : intensite minimale du champ eiectrique (in- 
tensite de seuil du champ eiectrique) a la- 
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